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Abstract

We have studied theB0
s → J/ψφ channel using a transversity analysis. We show that CMS will be

able to separate the Light and Heavy eigenstates ofB0
s and to measure their lifetime. Consequently

we expect to measurexs indirectly for any value beyond the present experimental lower limit. Fitting
a multiangle distribution we also expect to put an upper limit :λ2η < 0.15 for ∆Γ = 0.2
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1 Introduction
TheB0

s → J/ψφ channel is one of the gold plated channel for the LHC experiments as it presents several advan-
tages. First of all, through theJ/ψ decay one can expect to have an excellent trigger either in dimuon or dielectron
production at the first and second level. Secondly, it is a very clean channel due to the three resonnancesJ/ψ,B0

s ,
and the extremely narrowφ. On the other hand, the CP violation effect in this channel is expected to be very small
: ACP ∝ sin2Φ (with Φ = O(0.03) ).

TheB0
s andB̄0

s meson are expected to mix (see figure 1) and appear as two mass eigenstates:BLs light andBHs
heavy (similarly to theK0 system). The particle-antiparticle mixing accounts for the mass difference in the neutral
B meson system and this process is a Flavour Changing Neutral Current and related to the CP violation.
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Figure 1: strange B meson oscillation diagram

To a good approximation CP violation can be neglected in determining the masses and the mass eigenstates corre-
spond to the CP eigenstates withBLs being CP even andBHs CP odd. To observe experimentally theBs oscillation
one usually tag theBs at the production and decay. This method considerably reduces the number of observed
events. In the following we propose to use an untagged distribution. The lifetime difference of the two CP states
has been calculated using heavy quark expansion :δΓ

Γ = 0.16 ± 0.1 [1] . It updates an explicit calculation [4]
which wrote

∆Γ ' 0.18
f2

B0
s

(200MeV )2

Lattice calculations give for the light decay constantfB0
s

= 181 ± 36MeV [2]. It is expected that an accuracy
of 10% on this number could be reached assuming some progress in lattice calculations. The ratio of the mass
splitting to the width difference of strange B meson is predicted to be large . To the lowest order and neglecting
QCD corrections which may be important:

|∆m|
∆Γ = 2

3π
m2

th(m2
t/M

2
W )

m2
b

(1− 8
3
m2

c

m2
b

)−1 = 178.6± 83

where h(x) decreases monotonically from 1 at x=0 to 1/4 atx → ∞. It is about 0.54 formt = 180 GeV/c2. So
we can deduce (neglecting the uncertainty on this ratio):

∆m ' 178.6(ΓL − ΓH)⇒ xs ' 178.6∆Γ

Γ

We thus can accessxs by separating the CP eigenstates and measuring their lifetime. This method should prove
to be efficient for largexs where the lifetime difference is expected to be large. In that sense the LEP/CDF/SLD
combined limit:δms > 12.4ps−1 [3] is encouraging. To separate theB0

s state we have used the following method.
TheB0

s meson is spinless, so its decay product polarization :J/ψ andφ which are both vector will be of course
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correlated. We can express the amplitude in the following way [5, 6] :

A(B0
s → J/ψφ) = A0(t)

x ε∗LJ/ψε
∗L
φ −A||(t)ε∗TJ/ψε∗Tφ /

√
2− iA⊥(t)ε∗J/ψ × ε∗φpφ/

√
2

whereA0 is the amplitude for which the linear polarization states of the vector meson are longitudinal to their
directions of motion, whileA|| andA⊥ are transverse to their direction of motion and respectively parallel or
perpendicular to each other.ε∗TJ/ψ represent the polarization vector of the vectorJ/ψ. The two CP even decay
amplitude areA0 andA|| whileA⊥ is CP odd.

In this specific frame the decay width is defined as

dΓ(B0
s → J/ψφ)/dt = |A0|2 + |A|||2 + |A⊥|2

In the following, one use a frame [5, 6] to define a transverse variable (see figure 2).
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Figure 2: Transversity analysis frame

In theJ/ψ restframe we define:−→i as theφ direction,−→j as orthogonal to−→i in the (K+,K−) plane withpy(K+) >
0,
−→
k =−→i ∧ −→j , θ as the angle between

−→
k and−→p (µ+), Φ being the angle between thel+ projection in the−→i ,−→j

plane and the
−→
i direction.ψ is defined as the angle ofK+ in theφ restframe with the helicity axis (the negative

direction of theJ/ψ in that frame ).

Finally one obtain the following differential distribution [9, 8] :

d4Γ(B0
s → J/ψφ)/dt = 9

16π [2|A0(0)|2e−ΓLtcos2ψ(1 − sin2θcos2Φ) + sin2ψ(|A||(0)|2e−ΓLt(1 −
sin2θsin2Φ) + |A⊥(0)|2e−ΓHtsin2θ) + 1√

2
|A0(0)||A||(0)|cos(δ2 − δ1)e−ΓLtsin2θsin2Φ +

( 1√
2
|A0(0)||A⊥(0)cosδ2sin2ψsin2θcosΦ− |A||(0)||A⊥(0)|cosδ1sin2ψsin2θsinΦ)1

2 (e−ΓHt − e−ΓLt)δΦts
(1)
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whereδΦts = arg(V ∗
csVcb)− arg(V ∗

tsVtb). At leading order in the Wolfenstein [7] expansion this phase vanishes.
In the unitarity triangle we have :δΦts = λ2η = O(0.03). Determining the quantityη constraints theγ angle of
the CKM matrix as :sinγ = η

Rb
whereRb = 1

λ
|Vub|
|Vcb| (Rb = 0.36± 0.08 ).

If we integrate equation (1) overΦ andψ we obtain the following equation:

d2Γ
dcosθdt = 3

8p(t) ∗ (1 + cos2θ) + 3
4m(t) ∗ (1 − cos2θ)

wherep(t) = p(0)e−ΓLt is CP even andm(t) = m(0)e−ΓHt is CP odd.

We can observe on figure 3 the respective distribution of the light and heavy states for thecosθ variable for
one year at low luminosity after selection.
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Figure 3: Light and heavy state angular distribution

In [10] we have used a very simple method to separate the two CP states. This was done in the following way:

E(t) =
∫ −0.5

0.5
d2Γ

dcosθdtdcosθ = 13
32p(t) + 11

16m(t)
P (t) = (

∫ −0.5

−1 +
∫ 1

0.5)
d2Γ

dcosθdtdcosθ = 19
32p(t) + 5

16m(t)

So we finally extract :

p(t) ∝ dΓ
dt + 8

3 (P − E) andm(t) ∝ dΓ
dt − 16

3 (P − E)

2 Tools and assumptions
We assume the following value for the branching ratio:
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BR(B0
s → J/ψφ) = 1× 10−3

compatible with the CDF value [11] :

B(B0
s → J/ψφ) = 0.93± 0.28± 0.10± 0.14× 10−3

The CDF experiment also measured the polarization for theB0
s → J/ψφ channel [12] . Their results areΓL/Γ =

0.56± 0.21 which correspond to|A0(0)|2 + |A||(0)|2 = 0.56 . For this study Pythia 5.7 [13] has been used for the
generation with CTEQ2L structure function while the tracking simulation was based on a parametrisation of the
momentum resolution and on a Geant [14] description of the secondary vertex resolution.

3 Selection
We impose the following selection to obtain the signal events for the channelB0

s → J/ψφ→ µ+µ−K+K− : we
require the hadrons to be in the range|η| < 2.4 with phad.t > 2 GeV/c.

The muons are expected to fullfill the lowpt two muon trigger criteria:

pt > 4.5 GeV/c 0.0 < |η| < 1.5
pt > 3.6 GeV/c 1.5 < |η| < 2.0
pt > 2.6 GeV/c 2.0 < |η| < 2.4

The invariant mass of theµ pair (respectivelyK pair) and all four particles should be reconstructed in the window
∆m < ±2σm of theJ/ψ (respectivelyφ andB0

s ). The decay time should betB0
s
> 0.2 ps. A good vertex is

required:χ2
µ+µ−K+K− < 5.
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Figure 4: Time resolution for a four tracks secondary vertex reconstruction
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The expected four tracks vertex time resolution can be evaluated on figure 4 for theB0
s decay withphad.t > 2

GeV/c and the muons passing the trigger requirement. It shows a very good resolution, stable vith respect to the
time. We also impose a vertex pointing cut:∆α < 0.1 rad, see figure 5.
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Figure 5:B0
s → J/ψφ→ µ+µ−K+K− decay geometry

For an integrated luminosity of104 pb−1 we retain aproximately 150000 signal events (we assumeB(B0
s →

J/ψφ) = 10−3 [9]) while the background is kept at about1%. The dominant background for this channel is
B → J/ψ(→ µ+µ−) +X . It is efficiently cut out by the strong requirement that were applied. We see on figure
6 the mass resolution forJ/ψ, φ andB0

s (the last one with background included), showing an excellent precision.

4 xs measurement
The effect of the selection on the considered variables can be appreciated on figure 7 and 8 showing the efficiency
to be independant ofcosθ andt variable within the statistical errors. Figure 9 illustrates thexs measurement in the
range 10 to 50. It shows a good agreement between the generated and the reconstructed value and doesn’t degrade
at highxs, allowing a complete coverage of the range allowed by Standard Model and even beyond.

5 Multiangular fit
In order to extract the phaseδΦts we have been attempting to fit the differential multiangular distribution. We have
produced a number of events corresponding to an integrated luminosity of104pb−1 i.e. 150000 events with the
expected differential distribution for each variable (eq. 1). A gaussian smearing has been applied on the angular
distribution according to the expected experimental one, see figure 10.

We can see on the next figure (11) the expected distribution for each variable . A loglikelihood fit was then
attempted using Minuit [15] . This was performed for various value of the parameters (in agreement with the
experimental constraints and the theoretical expectations) . The 6 parametersA0, A||, δΦts, δ1, δ2,∆Γ of equation
1 were left free. Once convergence occur, all parameter exceptδΦts were fixed and a new fit was performed in
order to extractδΦts. Table 1 shows the expected errors for the parameters for one year at low luminosity of the
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Figure 6: Mass resolutions forB0
s → J/ψφ→ µ+µ−K+K−
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Figure 7: Efficiency of the selection
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Figure 8: Efficiency of the selection
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Figure 9: Indirect measurement ofxs
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Figure 10: Angular resolution
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Figure 11: Angular distribution
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LHC.

Parameter δA0
A0

δA||
A||

δ∆Γ
∆Γ σ(δΦts)

σ(δ1)
δ1

σ(δ2)
π−δ2

∆Γ = 0.1 0.4% 0.6% 5% 0.056 0.2% 4%
∆Γ = 0.15 0.4% 0.6% 4% 0.05 0.2% 4%
∆Γ = 0.2 0.4% 0.6% 3% 0.045 0.2% 4%

Table 1: Expected parameter error forL = 104pb−1

Among the 6 parameters , 4 of them (A0,A||,δ1,δ2) can be easily determined, the last 2 parameters∆Γ andδΦts
have the largest relative error . The starting values of the parameters wereA0 = 0.52, A|| = 0.445, δΦts = 0.03,
δ1 = π, δ2 = 0. .

6 Conclusion and perspective
To summarize our results, we show that CMS will be able to measure the lifetime difference of the heavy and light
mass eigenstates (∆Γ) over the whole theoritical expected range and beyond. We thus expect to measure indirectly
xs for any possible value. This method will prove to be critical for values ofxs equal or above 50 where no other
method can be used.

The transverse analysis of this channel will also provide us with the polarization factor and finaly will give some
constraints on the value ofδΦts. B0

s → J/ψφ will clearly be one of the most interesting channel for B physics at
the LHC collider. One should note that a similar analysis can be performed for the channelB0

d → J/ψK∗.
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